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FOREWORD 

This report piesents the results of a study performed for the 
Marshall Space Flight Center under Contract NAS8-31912. This work 
was a continuation of previous studies which indlcdted that practical, 
lightweight, acoustic shrouds could provide noise protection for a 
high percentage of the total experiment population for Space Shuttle. 
Specifically, this study was directed towards investigating the 
effects of a helium filled liner to reduce shroud weight and in- 
crease noise reduction. 
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INTRODUCTION 


This report presents a description and results of acoustic tests 


performed on an STS payload shroud simulator to determine the effects 


of a helium filled liner on the noise reduction characteristics. The 


basic test iprogram included the following configurations: 


1, Bare Shroud (baseline configuration); 


2. Shroud with empty liner; 


3. Shroud with liner filled with air; and 


4. Shroud with I liner filled with helium. 


Thej results of this test|: series indicated negligible effects from 


the helium and two additional configurations were tested to provide 


additional information. 


1. Liner filled with air; and 


2. Liner filled with helium. 


The data from these configurations indicated increased noise re- 


duction from the use of helium. 




TEST DESCRIPTION 


Shroud/Test Configurations 

Tests were conducted on two shroud configurations. The first 
configuration consisted of a composite fiberglass shroud and mylar 
liner restrained by a metal screen and ring frame stiffeners to pro 
vide I support to the gas bag liner so that the gas layer could be 
maintained at a relatively uniform thickness of 5 cm (2 Inches). 

A sketch of the shroud configuration is shown in Figure 1. Double 
walled mylar liners were also Installed on the cylinder end caps 
(not shown in the sketch) to eliminate possible flanking paths. 

The shroud was approximately 0.9 meters in diameter and 1.8 meters 
long. 

For the second configuration, the mylar liner was removed from 
the composite shroud and the outer surface was restrained by a 
wire mesh screen as shown in Figure 2. 

The shroud was suspended on nylon rope within the acoustic 
chamber and exposed to a simulated Shuttle payload bay acoustic 
environment produced by two Wyle WAS, 3000 noise generators coupldd 
to the chamber at top and bottom. 

Tests were conducted on the following configurations: 

1. Empty shroud (baseline configuration); 

2. Shroud with empty liner; 

3. Shroud with liner filled with air; 
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4^ Shroud with liner filled with helium; 

5. Screen enclosed liner filled with air; and 

6. Screen enclosed liner filled with helium, 

A small vacuum pump was used to collapse the liner prior to filling 
with helium. For all configurations in which the liner was filled 
with either air or helium, only a sufficient gas pressure (nominally 
3448 N/m^, or 0,5 psi) was used to expand the enclosed liner to the 
5 cm wall spacing. 


The weights of the shroud configurations tested are given in 
Table 1. 

TABLE 1. SHROUD WEIGHTS 


Cc^nfiguration 

Total Weight 
Including End Caps 
Kg (lbs) 

Effective 
Surface Weight 
Kg/m^ (Ibs/sq ft) 

Composite Foam 
Shroud 

42.2 kg (93.0 lb) 

4.64 kg/m^ (0.95 Ib/ft^) 

Composite Foam 
Shroud with 
Mylar Liner 

45.2 kg (99.75 lb) 

5.32 kg/m^ (1.09 Ib/ft^) 

Screen Enclosed 
Liner Only 

6.1 kg (13.5 lb) 

0.93 kg/m^ (0.19 Ib/ft^) 


The effective surface vsights indicated in Table 1 are based 
on weights and surface areas relating only to the cylindrical 
portions of the shrouds, The composite foam/nQrlar liner shroud 
included one layer of protective mylar between the liner and screen 
surface. The wire screen/mylar liner shroud Included two layers of 
protective mylar, one on each side of the liner. 
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Instrumentation and Data Reduction 


Each test configuration was Instrumented with six external and 
six Internal microphones at locations shown In Figure 3. An Interior 
view of the liner showing Internal microphone locations Is shown In 
Figure 4. Control of the external acoustic spectrum was accomplished 
by electronically averaging the output signals of the six external 
microphones utilizing a General Radio equallzer/analyzer system. 

Similarly, the average Internal acoustic spectrum was obtained 
for the six Internal microphones. In addition to the average ex- 
ternal and Internal spectra, one-thlrd-octave band analyses were 
performed for each of the Individual microphones for each test 
configuration. These data are presented In the appendix to this 
report. 




DATA ANALYSIS 
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External Acoustic Levels 

The external acoustic environment was controlled to a spectrum 
approximating the Shuttle payload bay environment by electronically 
averaging the output signals of the six external microphones. A 
typical plot of the levels at Individual microphone locations and 
of the control average showing the variations In one-third- octave 
bands Is shown In Figure 5. A comparison of electronic averages 
of the external level for all four tests which used the composite 
shroud Is presented In Figure 6. Tliese data Indicate that control 
of the external environment was vety repeatable for the different 
test configurations utilizing the composite shroud. • 

Internal Acoustic Levels 

The average Internal levels from the four tests of the composite 
shroud configurations are shown In Figure 7. Internal levels from 
the I two screen enclosed liner tests are presented In Figure 8 
and compared to the measured levels obtained from the shroud/ 
liner filled with helium. 

Noise Reduction 

Noise reduction plots for the six test configurations are 
shown In Figures 9 through 14. In each case the noise reduction 
values v/e re obtained from the difference between the average ex- 
ternal and Internal one- third-octave band levels. 



A comparison of the noise reduction plots for the four tests 
which utilized the composite shroud is s ho wn in Figure 15. The 
noise reductions obtained from the screen enclosed liner filled 
with air and helium are shown in Figure 16. 

In addition to the individual noise reduction data presente<j 
in the preceding figures, a direct -comparison of the effects of the 
air and helium is shown in Figure 17. The plots in Figure 17 rep- 
resent the difference in noise reduction for helium versus air, 
for the liner in the composite shroud and in the wire screen 
shroud. 

Figure 18 shows the noise jjeduction plots for the six tests 
performed in this study and the amount of noise reduction provided 
by each configuration. 
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CONCLUSIONS AND SECOMMENDATIONS 


Conclusions 

1. A comparison of helium versus air in the screen enclosed liner 
indicated that the helium provided an Increase in noise reduction 
of approximately 3 dB in one- third-octave bands above 800 Hz. 
There was n° significant change in noise reduction below 800 Hz. 

2. The liner installed in the composite shroud produced an Increase 
of 8 to 10 d3 in noise reduction at frequencies above 400 Hz. 
However, at frequencies above the second acoustic mode of the 
cylinder, there was no significant difference in the noise re- 
duction achieved with the liner empty, filled vrith air, or 
filled with helivun. 

3. At the first and second acoustic modes of the cylinder (approxi- 
mately 100 and 200 Hz , respectively) , the increased absorption 
provided by the gas filled liner produced an 8 to 10 dB improve- 
ment in noise reduction compared to the empty conq>osite shroud. 

4. The Results of this study indicate that the use of helium in 


Shuttle: 


payload shrouds would not provide a significant improve- 
ment in noise reduction compared to more conventional config- 
urations, at least for the thickness (5 cm) of gas layer investi- 
gated. Furthermore, we believe that the problems in design and 
fabrication associated with containing the helium would signifi- 
cantly increase shroud costs compared to conventional config- 
urations. 
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Reconmendatlons 



The results of this and previous studies Indicate that light- 
weight shrouds can be developed which can reduce the payload bay 
acoustic environment to levels which will allow the use of components 
previously qualified and flown on other boosters. The cost savings 

r-v ■ ■ 

associated with elimination of the requallflcatlon program and test 
and flight failures could be significant. 

It is recommended that a full-scale prototype shroud be develop- 
ed to determine the noise reduction achievable and the potential cost 
savings estimated from previous analyses performed under contract 
NAS8-31535. In addition, analyses should be conducted to assess the 
thermal control impact of acoustic shrouds during the various phases 
of the Shuttle missions. Shroud deployment design concepts should 
also be investigated. 
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Figure 6 . Comparison of Average External Sound Pressure Levels 
Applicable to Shroud/Llner Tests. 
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Figure 11, Noise Reduction From Composite Shroud With Liner Filled With Air, 
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Figure 13, Noise Reduction From Screen Enclosed Liner Filled With Air 
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Figure 17, Comparison of Helium Versus Air Delta dB Noise Reduction. 
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Figure 18, Comparison of Noise Reduction Data for Six Test Configurations, 
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